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DISCLAIMER • 
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TITLE: 



AGC-90C MODAL AI1ALYSIS 



LOCATIOFS USED: 



0000-0003, OOlO-Oli^?, 0530-0767, 2166-2207, 2310-2667, 
3000-4577, 4724-4736 and Gli^-Kffll are used for commands, 
constants and certain much used intermediate results. 
Basic data is stored at 7000-7455. Processed data is 
stored at 5COO-6741. Intermediate results are stored at 
4600-4723 and 4740-4777, The data location limits are for 
a maximum sized case of 30 bays. The command location 
limits include 6 subroutines as follows: 



AN-002 Fixed Point Input 
AN-014 Floating Point Output 
RP-026 Tape Punch 
AN-007 Var. Form. Fit. Pt. Input 
AGC-85 Fix. Pt. Whole No, Output 
AGC-189 Null Search 



0010-0147 
0530-0767 
2166-2207 
■2310-2507 
4400-4477 
4500-4577 



INTRODUCTION: 



This program assumes that a straight non-uniform beam can be 
represented by a series of 30 (or less) bays each of which 
is a, uniform beam. Station points are assumed at the ends of 
each bay, with a double station point (0 and l) at the outer 
end of the first bay. Half the mass properties of each bay 
are associated with the station at each end of the bay. 
Essentially, the problem must be set up as a series of 
elastically interconnected point masses (or station points). 
The point masr;es can have both linear inertia (MASS) and 
rotaiy inertia (mass moment of inertia, MASS I). See Fig. 1. 
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A non-uniform beam. 
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Above beam represented by 8 bays, 
each of which is a uniform beam. 
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^-Massless elastic connections 
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Station points for above representation. 
(Note: Sta. & 1 are al\mys distance apart) 
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Hovr the mass of each bay is 
associated with the station points. 



Figiore 1 
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METHOD: 



Each station point is permitted 2 degrees of freedom: 
lateral translation, H,and pitch, 6, Shear is S and 
moment is M. V.Hien the structure being analyzed is vibrating 
at fre-quency 6), v;e can describe the conditions at come 
statior: point i, by a 4- X 1 colunii vector — 

s 

M 
H 



It is possible to relate the forces and deflections at 
station i + 1 to those at.ctation i by a 4 x 4 matrix 
At, thus — 



= W 



c+l 



s 

H 



Tills matrix [aQ is a function of length L, bending 
stiffnesf.' SI, shear stiffness KGA, linear inertia MASS, 
mass moment of inertia MSS I and frequency in radians 
per jec, 6J, Kveiything but 6) is knovm. See form of [aJ 
beloi;. 



H-C0^(m„bM-fm,4b2i) 


^*(m„b,a+mi2b22) 


co^m.i 


CA?(mHLi+ma) 


-Li+CA)^(m2,bH + m2jb2i) 
b.. 


1+ ai^mwb,j+ hiwbzz) 

ba 


Q^mit 


6a*(m2,Li+m„) 


1 


Ll 


bz\ 


btt 





1 



VJhere 





KGA 


0'^" 2EI 




bai= 2.U 




L. _ Li 





ni' 



£1 



m„ = 



fAi+JAu» 



mii - — — ^ 



iTlzi 



m 



at" 



fAuiU4i*hAiU 



MASSlu.-^rAAS51i 
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Li » length of bay l 

Ml * mass of bay i 

Mass It = mass moment of inertia of bay l 

EI * bending stiffness of bay L 

KGA = Shear stiffness of bay I 

Continuing the previous line of thought — 
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( iVHerc R is the loksf station no. ) 



Next, vje must consider boundary conditions. In general, 
half of the four quantities S, M, H and 6 will be zero at 
each end of the beam. For example, consider a cantilever 
beam (FIX-FliEE), The deflections, H and 0, will be zero 
at the f?.xed end and the forces, S and M, vjill be zero at 
the free end. 
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Replace 



R*l r -J 



An A,2 

All Ajj 



S 






R l- 



A^i A22 





H 

e 



= r^«i L^ >(^^ererA2tJ is a 2 X 2 matrix, ) 
Ir to 



This is a set of homogeneous equations. It has a non- 
trivial solution only if— 



The determinant of 



M =0- 



A value of 6^ which satisfies this equation must be determined. 
This is dene by trial and error, A guess is made for CJ and 
the above detGmiiiiar.t is evaluated. The value of the 
determinant is called "NULL", because v;e attempt to minimize" 
or nullify it. As varnous sequential values of CO are tried, 
the algebraic sign of each NULL is noted. When this sign 
changes, it indicates that the NULL vs, 6) curve has crossed 
the (0 axis. Linear interpolation is used to converge on the 
CO at the crossing point. 

Next, setting H = 1, can be computed, thus establishing 



s 







H 


= 



1 


e 





6 



Now, since (*) is known, all the Ai's are known and forces' 
and deflections can be computed for the rest of the stations 
The Ck) as determined in this way is one of the "natural 
frequencies" of the system (in radians/sec.) and the forces 
and deflections computed using it represent the mode shape 
for that frequency. 



In the above, note that the 2x2 matrix selected from 
TTAt is a function of the boundary conditions. 
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RESTRICTIOMS: 



Hie rows correspond to zero elements in 



5 

\A 
H 

e 



K 



and the colvuims correspond to non-zero elements in 

s 

fA 
H 


I'Jhen solving the system of homogeneous equations, one of 
the forces or deflections (unknovms) v;as set = 1, The 
element in the row and column corresponding to the other 
force or deflection Is called "CHECK", It has been 
found by practical experience that for a satisfactory mode 
shape, "CHECK" should be at least 10* x "NULL". 

The program wil] handle structures which can be represented 
by a maximum of 30 bays, each of which is a uniform beam 
with its C. G. at its center, (See Fig. 1 and sairp3e problem 
2). Boundary conditions are restricted to the following 
set: 



Sense Switches On (dovm) 

D. 

C 

CD 
B 

B D 
BC 



Boundary Conditions 

FI}{-?IX 

FD'-PIN 

FIX-.FREE 

PIN-PIK 

PIN-FREE 

FREE-FREE 



'^^ highest numbered station goes with the first word of 
the boundary condition pair. Thus, for a 10 bay beam run 
with FIX-PIN boundarj?- conditions, station has a pin 
connection and station 11 is fixed. The highest bending 
mode that can be obtained with any kind of accuracy depends 
on the number of bays used in the representation. As a 
rough "rule of thumb", it is suggested that the highest 
mode attempted be less than a third of the number of bays.. 
Thus, for a 30 bay representation, the first 3 or 4- modes 
should be pretty good but the 10th one wilJ probably be 
rather approximate. To give the beginner at modal analysis 
some feeling for what is "good", if an experimental and 
computed frequency agree v/ithin 1^, wd'je delighted. If 
they disagree' as much as 10^ we're appalled, and start 
looking for a mistake in the data or at least an explanation. 
Usually the lower modes are more accurate than the higher 
ones. 
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USAGE: 



For opercvting purposes, the various starts are summarized 
graphically below 



3337.^ 



Slart *i 

) f 3000.0 



PaH I: i>ato input 



Reg. Start 

t3l53.Q 



I Star 

V 3153. 



Start * a 





Part 3L * Reduce raw data 
Frequency search 



Reg. Start 
(if unsuccessful) 



Part HI J 



Reg. Start 
(Successful ) 
^4-0(0.0 



.3337*0-^ 



Start •a 
^Uoto«o 



Prittt mode shape* 



Reg. Start 



In Set left margin at IC and, tab stops at 16, 30, 4-6, 
62 and 78. 

2, Read in program tape, 

3. Set SSB and SSC according to the desired data input 
format as shown on the next page, (The program will 
stay in any one format unless the sense switches are 
changed. Formats can be mixed, Sairple problem 2 

uses all 4 formats. To "enter the next bay in a different 
format, change the sense switches and press start #1,) 



SSB 


SSC 






OFF 


OFF 


E 
G 


00000 
00000 






BAY 


L 






10 

n 


00000 
00000 



DATA INPUT FORMAT 



D 

00000 
00000 



T 

00000 
00000 



MASS 

00000 
00000 



EFF. D 

00000 
00000 



*xS 



\o 



OFF ON 



E 
G 



00000 
00000 



BAY 



D 



T 



MASS 



MASS I 



00000 
00000 



00000 
00000 



00000 
00000 



00000 
00000 



00000 
00000 



ON OFF 



BAY 

20 
21 



00000 
00000 



El 

00000 
00000 



KGA 

00000 
00000 



MASS 

00000 
00000 



EFF. D 

00000 
00000 



ON ON 



BAY L 

25 • 00000 
2b 00000 



El 

00000 
00000 



KGA 

00000 
00000 



MASS 

00000 
00000 



MASS 

00000 
00000 
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4, After the sense swUches have been set, press start #1. 
The appropr-^ '; te headirgs v;lM be printed out. Enter E, 
G, EFF.D '-nd MiiSS I with carr'iatje returns. Enter BAY, L, 
EI, KGA, D. T and MASS with tabs. All data except BAY are 
entered in AIC07 format. BAY is an integer in ANC02 
format. 



llie headings have meanincs as follows: 



E 
G 

FAY 

T 
j^ 

D 

T 

R\SS 
KF.-'.D 



= Young's moduluf of elasticity, lb, /in, 

= Shearing modulus of elasticity, lb,/in*, 

= Bay raimber, 1^ (An integer) ^30 

= Lc-jn/jth of the bay, in, 

= Diameter of the bay (if circular), in, 

= Thickness of bay (if thin circular shell), in, 

= I-Iass of bay, lb. sec /in. 

= A diameter used to calculate the mass moment 
of iriertia of a cylindrical bay about one end 
usinc the formula for a homogeneous solid 
cylinder. If the cylinder has a concentric 
hole rif diameter d and the outside diameter 
is D, then ■ | ;* ' ■ as a function of g can be 

obti.in€»d from the folJ owing table: 



EI 



KGA 



d 


EFF.D 


D 


D 


» 




0,0 


1,000 


0,1 


1.005 


0,2 


1.020 


0.3 


1,0U 


0.4 


1.077 


0,5 


1.118 


0,6 


1,166 


0.7 


1,221 


0,8 


1,281 


0,9 


1^345 


1.0 


1.A14 



MASS I 




= Bending stiffness (or average bending 
of a non-uniform bay), lb. in. E is i 



stiffness 
as 
defined above and I is second moment of area, 

= Shear stiffness; (or average • shear stiffness jf 
a non-uniform bay), lb, K is a constant 
depending on the cross section (0,5 for thin 
circular shell) G is as defined above and 
A is cross section area, 

= The mass moment of inertia of the bay around 
one end, in, lb, sec. 



5, Bays can be entered in any order and changed at any time 
without affecting the other bays. After the last bay has 
been entered, tjrpe "99" under BAY. This causes 0,9 x 10 
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to be stored as a flag at the end of the data, (Actually, 
any niimber ^ 31 can be used, but for the sake of uniformity 
and to avoid confusion with bay numbers, we always use 99) 
If a bay in the middle of the structure is changed later, 
do not enter 99 afflin . since that would cut bhe structure 
off right after the new bay. . 

6, After the data has been entered, and the paper adjusted (if 
necessary) sense switches should be set to establish the 
boundary conditions. See the list under "RESITIICTIONS", 
The operator can then press either the reg^alar start or 
start #2. Only start if 2 could be used if the data had 
been previously punched and re-entered on the photo-reader. 
The machine will spend a minute or so reducing the raw 
data and re-storing it in a different, location. 

7, Tlie prograia will then ask for IiaTIAL F, DELTA P and 
FINAL F. 

IlilTIAL F = The first frequency, fo, in c.p.s. that 
we want to try. KormalJy, we try to 
select this so that it is less than the 
desired natural frequency. 

DELTA F = The frequency increment, Af , that we want 
to use in the search. Thus the program 
will try in sequence fo, fo+Af, fo+2Af, 
fot3Af, etc, (Unless of course a crossing 
is found between any of these). 

FirUi.L F = An upper limit for the frequencies that we 
want the machine to try. Normally we try 
to select this, somewhat higher than the 
desired natural frequency. Ttie interval 
(FIHAL F - II'JTIaL F) does not have to be 
an exact multiple of DELTA F, in vjhich 
case FINAL F would possibly not be tried. 
Enter these 3 quantities in AN0C7 format using carriage 
returns. 

8, The program will print out F, C,P,S,, NULL and (Bound, Cond.) 

If the operator forgets to set the sense switches (all off) 
the machine will halt. Set sv/itches and press the regular 
start button. The progrcfon will then proceed to compute 
MULL^s for the series of frequencies specified, When a sign 
change occurs in the NULL »s, the computer wilJ. start to 
converge on the crossing frequency using- linear interpolation. 
For all the beams that the author has tried, the algebraic 
signs of the nulls, below the . first frequency, were as 
follows: 

FIX-FIX + 
FIX-PIN 
FIX-FHEE + 
PIN-PIN 
PIN-FREE 
FREE-FREE + 
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This can often serve as a useful guide v/hen searching for a 
specific. frequency. For example, suppose one is looking for 
the 3rd PIN-FREi; frequency of a beam. If the operator 
thinks that the 3rd frequency is about 20 c.p.s., he might 
put in 18 for IIIITIAL F' Suppose that the firnt NULL comes 
out i^ositive. This vould tell him that he's probably too 
high, and should start hjs search somewhat lower. Of course 
he also might r eally be off in his estimate,, and be between 
the 1st and 2nd frequency. See Figure 2 below. 



NULL 




Fig. Z PU-FREE NULL plot 

Caution: Sometimes, if f is too coarse relative to 
the distance between natural frequencies, 
convergence may be quite "low. In this, 
case, depress the stop button, then start 
#2, Enter ney INITIAL F, DElTA F, (smaller 
than the old one) and FINAL F, Instead of 
pressing start #2 above, to avoid reducing 
the raw data again, one can manually transfer 
to location 3337.0. Start #2 was not set up 
to go to 3337,0, to avoid the possibility of 
accidentally trying to run a new case with 
unreduced data.) 



The program decides that the convergence is satisfactory 
when NULL becomes zero, or when 2 succeeding values of F 



differ by less than 10" F, Tiiis means that sometimes 
several F's are printed which look identical, ITney really 
vary slightly in the last few binary bits, but still convert 
to the same decimal number. Also, the NULL' s sometimes 
behave a little erratically near the end. This effect is 
probably due to a certain randomness in the way the numbers 
round off. The frequencies are not carried out to 11 figures 
with any idea that they are that accurate. The object is to 
get a good match on the boundary'- conditions. In general, 
anything beyond the first. 3 ro U significant figures of the 
frequency are iiieaningless. When a satisfactory convergence 
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is attained, the machine carriage returns 3 times and stops, 

9. To print the mode shape, adjust tho paper (if necessary) and 
press either the regular start or start #3. Start #3 could 
be used if the operator wanted an approximate mode shape 
printed out before full convergence was attained, 

10, After the mode shape has been printed, and the paper adjusted 
(if necessary) presi:ing the regular start i-jil.l enable a new, 
frequency search to be started without reducing the raw data 
again. If start #2 is pressed, this reduction will be made, 
wasting a little time, although it doesn't hurt anything. 
This reduction of raw data can also be eliminated by manually 
transferring to location 3337.0, 

If the computer somehow transfers to location OCOQ, it will 
stop at 0000,1 with the address of the place it ybransf erred 
from in the accumulator © 38. ^ ^-^ 

11, If it is desired to save the data for future use, it can be 
punched out. The following table give storage location limits 
for all possible cases. In each case, the last 2 v/crds should 
be the flag, 0,9 x 10® . In instruction format this is 

+64 5263,1-45 3702,0, +00 0000,0-00 0244.1. 

No, of Bays Data Including Flag 

1 7000-7013 

2 7000-7025 

3 7000-7037 

4 7000-7051 

5 7000-7063 
• 6 700C-7075 

7 7000-7107. 

8 7000-7121 

9 7000-7133 

10 7000-7145 

11 7000-7157 . 

12 7000-7171 

13 70CC-7203 

14 7000-7215 

15 7000-7227 

16 7000-7241 

17 7000-7253 

18 7000-7265 

19 7000-7277 

20 7000-7311 

21 7OOC-7323 

22 7CCO-7335 

23 7C00-7347 

24 7000-7361 

25 7000-7373 

26 7OOC.-74O5 

27 7000-7417 

28 7000-7431 

29 70GC-7443 

30 7000-7455 
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To use such punched data, read in on photo-reader and press 
start #2% Vv'e punch out the "raw data" rather than the 
'deduced data" because the latter is over- 3x as long as the 
former, and the extra punching time would be longer than the 
time required to reduce it internally. 



12, • For each boundary condition, there is an alternative way of 
normalizing the .ansv/ers. lliis' alternative normalization can 
be achieved by manually chanRing commands as follo^^^s; 



FIX-FIX, 
Location 


Normalized on M 
Command 


FIX-PIN, 
Location 


Normalized on 
Command 




4030 


+34 4762.0 
+05 4760.0- 


4035 


+57 4074.0 
+34 4766.0 




4031 


+35 4740.0 
+30 3154.0 


4036 


+05 4760.0 
+35 4740.0 




4032 


+35 4742.0 
+30 3170.0 


4037 
4040 


+30 3154.0 
+66 4040.0 

+35 4746.0 
+30 3170.0 




FIX-FRi-JE, 
Location 


No3?malized. on 
Command 


PIN-PIN, 
Location 


Normalized on 
Command 




4043 


+57 4074.0 
+34 4766.0 


4052 


+34 4756.0 
+05 4750.0 




4044 


.+05 4764.0 
+35 4744.0 


4053 


+35 4740.0 
. +30 3154.0 




4045 


+30 3154.0 
+35 4746.0 


4054 


+35 4746.0 
+30 3170.0 




PIK-FRH^., 
Location 


Normalized on 
Command 


FREE-FREE, Normalized on 
Location Command 




4060 


+34 4756.0 
+05 4754.0 


4065 


+57 4074.0 
+34 4746.0 




4O6I 


+35 4744.0 
+30 3154.0 


4O66 


+05 4744.0 
+35 4744.0 




4O62 


+35 4746.0 
+30 3170.0 


4067 


+64 4070.0 
+57 7760.0 








4070 


+30 3154.0 
+35 4746.0 
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CODING 




INFORFiATION: 18 (& 39 


3130 


2 <^ 38 


3131 


310 (a 38 


3132 


(6766)8 ^ 38 


3133 


10 fe 20 


3134 


"^M 


3135-3136 


.TT/4 . 


3137-3140 


0.75 


3141-3142 


' -2.0 


3143-3144 


4.0 


3145-3146 


12.0 


3147-3150 


0.9 X 10 


3151-3152 


1.0 


3154-3155 


(7000)8 ^g.8 


3156 


(5040)8 ^ 18 


3157 


4 fit. pt, zero's 


3170-3177 


8 fe 18 


3274 


10 (£. IS 


3275 


20 ci- 18 


3276 


32 % 18 


3277 


2 ^ 18, 2 fe 38 


3300 


-3.0 

0.5 X 10" 


3302-3303 


3304-3305 


2'TT 


3324-3325 


(5040)3 (& 18 


3436 


8 fe IS 


.3437 


0.5 X 10 


3446-3447 • 


1 X 10-" 


3714-3715 


(5000)8 ^ 18 


3777 


2.0 


4376-4377 


'^64B 


4700-4701 "\ 


-%G, 2'Trf 


4702-4703 \ 


12K fe 38 


4704 . 


(K = Bay No.) 




D 
-2T 


4706-4707 I TT ^ . ID + 
4710-4711 . > U^^^ ^^ ^^""^ 


EFF.D 


4712-4713 


L, 4L* 


4714-4715 


^Az , ^ 


4716-4717 


D-2T, (D-2T) , (D-2T) 


472C-4721 , 


D' 


4722-4723 y 


F 

Ft - Fi., 


4706-4707 1 

4710-4711 J ^^®^ ^^ ^^^^ 


Sta. counter fe 39 


4700 < 


coord. ZL 


4702-4703 V Used in Part 


Check 


4704-4705 J 


Mtx. Loc. A 


4600-4637 


Mtx. Loc. B 


4640-4677 


Mtx, Loc, C 


4740-4776 


Reduced Data 


5000-6741 


Raw Data 


7000-7455 



II 



III 
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TIME: 



REFEFiENCES : 



Time for Part I, DATA INPUT, is a function of operaLor 
skill. If the input fonnat isn't changed and the di^ta 
doesn't have an absurd number of significant fisLii'es, an 
operator can easily enter 2 or 3 bays per m.nute. 

On Part II, FREQUENCY GEi.RCH, the time to convergence 
depends on how well the IMTIal F and DELTA F were chosen. 
Any one frequeiicy depe;.ds on the number of bays in the case. 
A 30 bay case requires about l"" 50' for each KULL computed. 
Convergence should be achieved in lesi^ than 15 or 20 lines 
after a cresting. 

For Part III, PRINT MODE SHAPE, the time should be roughly 
proportional to the number of bays. A 30 bay case requires 
10"* 36^ tb print out a mode shape. 

Introduction to the Study of Aircraft Vibration and Fl utter 
by Robert H. Scanlan ai.d Robert Rosenbaum, Macmillan Co., 
1951. 

Fundamentals of Vibration Analysis, by N. 0. ^tyklestad. 
McGraw Hill Book Co7, 1956. 



EXAMPLE 1: Given a steel tube as shown below in Fig. 3, Compute the 
first mode for all 6 boundary conditions using a 10 bay 
representation. 



50' 



1 



\.4:'iD .-^k-^ 



- »" ' - 1 ' ij II I ■ J"" I ' ' , " I " " 

aaaajg*.-"^Tni.Tr-iT-~ — ~ -frt. ttji iTauaniiifci 



4 

•rnimi-iiyM»-antiWi-Tar-«iTi— M 
.1 



Typical bay' 



Fig. 3 



i*o.D. 



The data input and computer printout is shown on page 16 
to 22. Note that since the ratio of inside to outside 
diameter, ^, is 0.5, Eff .D = 1.118 x 0,25 = 0.28. 



^ 



L 


jU-t-D 


G 


12-!-b 


BAY 


L 


1 


5 


2 


5 


o • 


^, 


v> 


> 


4 


3 




f — 




2 


Q. 


■J 


7 


'■< 


A 


J 


o 


5 


9 





10 


5 


oo 




yy 





D 
Oo25 

0o2;:) 

0.,.25 

0...25 
0.25 
00.25 
0...25 

00.25 
0,25 

0,25 



0,0625 
0.0625 
000625 

0.0625 

0,.0625 
0.0625 
0.0625 
0.0625 
0.0625 



■■,/>.a3 

1 335-7 
1 335-7 
1 335-7 
1 335-7 
1335-7 
1 335-7 
1335-7 
1 335-7 
1335-7 
1 355-7 



11- r r 






2g 


0.,2XJ 


0. 


20 


0. 


2u 


0,0 


20 


0. 


28 


Oo 


28 
20 
28 
20 



u 
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Start *3 



Is SSB on ? 



40i».l 1' 



Yes 



Es SSC on ? 



Yes 



@ 



4011.) 



No 

^4012.0 



Is SSC on ? 



No 

1 ' 402Z.0 



Is SSD on ? 



Y<S 



No 



Yes 



No 

^^40I2.( 



Is SSD on ? 



Yet 



© 



' U020.0 



Is SSD on ? 



Yes 



JIT 

4013.0 



Print 5S ? 
HTR 



Compute. wi^W 
mAO elements - 
t^o«-(3,i)/(3,2) 
S.«I.O 

Ho*the:ta.*o.o 

CHECK' (4,2) 



Set 



1' 
STA. 



Compute wllW 
TTtAii elements: 
THETAo*-{3,l)/(3,4) 
So= 1.0 
Mo«Ho=0.0 
CHECK=(4,4) 



Compote with 
irCAvi ekmen-ts •• 
THETAo=-(3.3)/(3,4) 
Ho« 1.0 
So « Mo « 0.0 
CHECK « (4,4) 



Compute wrtli 
TTtAJl elements • 
TH£TAo=-(2.l)/(Z,4) 

So= i.O 

Mo=Ho-0.0 

CHECK«(3,4) 



4074.0 



Compute wrth 
TIlAvl elements: 
THETA.«-(2;J)/(z» 
Ho« 1.0 
5,« M,= 0.0 
CHECK=(3,4) 



Compute with 

TfCAvl elements: 

THETA«-(i.3)/(l.4) 

H,« 1.0 

So = Mo =0.0 

CHECK=(2,4) 



0@ 33 
Prlht"F, C.RS. NULL 

Print F, NULL, CHECK. 
Print "STA. X S M 

Print STA. ® 33 • Increnf^ent 
Priht 0.0 , 6, , Mo, Ho ohd 



Set coord. 21i * 0.0 

CHECK* Z^'^'^ Boondary Cond. Print Sgbr.) 



rrihT u.u , o, , iN\o, 
Initialize addresses 
Shift tan into locations 



H THEITA *' 
STA. by 1<S>39 
THETAo 



Is (1,1) element > 0.55^ >o^^ ? 



itarting 4SO0 



No 



4aoo.o 

■^ 



Yes 
^'30GI.O 



HTR Start' 2 



U42osr.j 



Shift COMo 4226 

Form [AG ^^atrix vector multiply (Av] X 



5 
M 
H 
THETA 



to get 



L_. 



S 
M 
H 
THETA 



. Shift t+ 1 vector to I loc. 



c+j 



Increment addresses. Increment coord. E. by L; . Print STA., coor<l. E., S,M,H and THETA 
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34TI.0 




" 3720.0 



Is SSB on ? 



37a3.0 ^' 



Yes 



Is SSC on ? 



Yes 



No 

'3723.1 



Is 55D on ? 



Yes 



No 



(S 



37i0.0 

-« 



No 



3720.1 



Is SSC on ? 



Yes 



No 

3721.0 



Is SSD on ? 



Yes 







^ ' 3722.0 



Is SSB on ? 



Y«s 



No 



@ © 



' ' 3733.0 



Print "SS ? 
HTR 







D 
^ '3725.0 



Compote wi^h 
TltAil elemenU •• 

NULL = 
(3,iK'*,2)-(4,0(3,i) 



C 



Compute wrth 

TllA*! elements '• 

NULLS 

(3tlXi4)-C4,l)(3,4) 



® 



CD 
^ '3727.0 



Compote with 
TTLA-.I elements: 

NULL* 
(3,3)(4,4) -(4,3X3,4) 



3766. 1 










Compote with 
TTLAii Clements •• 

NULL = 
(t,0(3,4.)-U.iXa,4) 




Compute with 
1T[Ai] elements: 

NULL* 
f2,3)(3,4)-(3,3X2,4) 



Store NULL in Null Search Subroutine (Lo+lO^ 

Print FREQ. and NULL 

Set accuracy « UXIO"")FRLQ. in Null Search Subroutine (Lo+6) 



BC 
'f 3752.0 



Compute with 
TTIM Clements*. 

NULL = 
(l,3Xi,4)-(2,3X«»+) 



376C.I 



© 
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BoundQfy Cond. Print 5ubn 
^'4332.0 



Set up return addr. 
Is SSB on ? 



4336.1 " 



Vcs 



Is 55C on ? 



Yes 



4333.1 

-« 



No 
* 4334.0 



Is 55C on ? 



No 
^f 4331.0 



Is SSD on ? 



Yes 



No 

r 

34! 



Yes 



No 
''4334.1 



Is SSD on ? 




Y 4335.1 



Is SSD on ? 



Yes 
[33 



Ko 



@ © 



I 



No 
433S.0 



HTR 



' '4340.0 



Print •• 
'FIX-FIX'" 



1 '4235.1 



C 
' '43+5.e 



Print' 
ViX-PIN' 



TRA [Return] ^ 




(34) 



B 

' '4351.I 



Print: 
•PIN-P\N' 



BD 

1 43 64. 1 



Print •• 
•piN-FRtE* 



BC 

V437Z.0 



print*. 
FREE-FREE." 
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I — 



\..,.Ji... 



h-'*^ 



t__. 



V 



Start *^ 

t 3153.0 1 3153.0 

Set 16 elements of La»l starting ot 5000 
Initialize addresses 

Shift bays c and l+i into loc. starting 4600 
Is Lu. > 0.5X10" ? 



No 
>' 3215.0 



Yes 



Compute le terms of LOil 
Store \n lot. starting 4640 
Shift LaJ to loc. starting £50401 
Increment 2 addr by 128 
Increment 4" addr, hy 40a 



f-- 



3331.0 







HTR 



u 3410.0 

>r€s 



Is F> P1N^LF + ^^^^ ? 



3403.0 



No 

^'34(4.1 



34l!.| 



Compote co*« UTtF)^ 

Set [f^ol in TTtAil locolion start. 4140 

Initialize addresses 

Sh\ft taJ to loc. start. 4600 

Is (»>l) element > 0.5 X lO" ? 



NO 
'3405.0 



Compote l^i] using co^ and Cail 

( Store, in place) 
form tAOTT LAvL Store start. 4G40 
Shift from 4640 to 4140 
Increment addr. by 40 ^ 



u 3306.1 



Compute 16 terms of LOr.,] in loc. start. 4640 
InitlaUie 5 addn using prev. c«mp. addr. 
Set I'st 2 rows ta,|.,l in [5040+3 jt5050+3 
Set last 2 rows LOr.,! ir> [50604-3 > L50iOt3 
Store 0.3X\0'* in [SlOO+3 

C Where Vobove is some multiple of 40^) 



^'3337.0 



Print INITIAL F 

AU-007 enter INITIAL f. Store Null Search Sobn CL« + 2) 
Print" DELTA F* 

AN-007 enter DELTA F. Store Null Search Sub. (U+4) 
Store (- DELTA F / 2 ) In 3426 
Print "FINAL f" ' p,__ 

AN-OOT enter FINAL F. Store FINAL F + ^^^ in 34Z6 
Print " F, C.PS. NULL* 

Print bound, cond. with Subr.;^See ne*t poge) 
Calling sequence for Null Search Subroutine' 

Initial entrance 

Search entrance 

Search return 

Final return 



Yes 



1' 3471.0 




^ ' 4010.0 




T'nge ^5 





CP 



'3I2M 



AN-001 enter EI (Tab) ; FST [6770+ )2eK ] 
AN-OOT enter KGA. (Tab) ; F5T L67ia -J- jZaKl 



' ' 3074.1 



AN-001 enfer D (Tab) ; Store j Compute D* 

AN-007 enter T (Toib) 5 Compote -IT 

Compute EI= (Tr/G+) I LD*-(D-IT)*3 ; F5TL<b770 + l28Kl 

Compote KGA= (-'»t/4.)&DC-2T; ; F5T [€,772+ iZsK] 

AN- 001 enter M (Tab) > FST [6774+ l2eK3 

Compote M/12 

Is SSC o« ? 



No 



3III.0 



Yes 
1 '3125.1 



AN-007 enter MASS 1 (c/R) 
FST [e77G+l28K3 



304TI 



<D 



"3U4.I 



AN-007 enter EFF. 
Compote MASS I ' 



D (C/R) 

' (MASS/12) [(3/4.)(EFF.D)'+4e3 •, FST [6776 + »2^K3 
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(E> 



304-1.I 

»" 



Start* I 

3000.0 



Is SSB on ? 



No 



3002.0 



\es 



Print E. 

A^-001 enter El (C/r) 

Compute (V64-) E. 

Print (7 

W-001 enter G (c/R) 

Compute (-1t-/4)0 



"'30J2.J 



''3012.0 



Print 'BAV 
Is SSB on ? 



Yes 

'^30Z5.O 



Print "EI 



KG A 



No 
^'3020.1 



Print "D 



^^3032.1 



Print "MASS 
Is SSC on ? 



3032.1 



Yes 

' ^ 3043.0 



No 



Print *MASS 1* 



^'3035.0 



Print "EFF. D' 



^304TI 



Y 3047.1 



AN-OOe enter bay na, K@I6 (Tab) 
Compute IZK€ 36 
Is K^ 31 ? 



Ho 



"3053.0 



Set addr. 4 more Ihon last MASS addr. 
Obtain O.S X »0*'* $ FST L 3 
Vr , C/R , c/r , c/R 
HTR 



<— » 



^'3061.1 



Compute and store 6 addr. 

AN-OOT enter L (Tab) ; F5T [6766 + f2«K3 

Compote 4L* 

Is SSB on ? 



Ko 
vsoi^l 



Yes 
'3121.1 





6 



'3153.0 




F, C.P.S. 
+.10^^658 + 3 



NULL 
-.000000 + 



CHECK 
-.306329 +12 



rREE-FREE 



STA. X 




1 
2 



9 

10 

11 

12 

13 
14 
15 
15 
17 
18 

19 
20 

21 

22 

2 

25 
26 
27 
28 
29 
30 
31 



+.0000 + 
+.0000 + 
+.1000 + 2 
+.1900 + 
+.2800 + 
+.3700 + 
+.4600 + 
+.5200 + 
+.5800 + 

+.5400 + 
+.7000 + 
+.7600 + 
+.8200 + 
+.8800 + 
+.9^00 + 



+• 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+• 
+. 



000 + 

060 + 

120 + 
200 + 

280 + 
360 + 
430 + 
500 + 
570 + 
64o + 
710 + 

780 + 



3 
850 + 3 

920 + 3 
990 + 3 

+.2060 + 3 

+.2260 + 3 



+.000000 + 
+.106492 + 

+.182048 + 

+.718873 + 

-.946852 + 
-.267293 + 
-.4i6o4i + 
-.518417 + 

-.548689 + 

-.508332 + 
-.407565 + 
-.25S8p3 + 

-.729^42 + 

+.142854 + 
+.365^38 + 
+.571969 + 
+.757006 + 
+.866149 + 

+•906538 + 

+.930438 + 

+.9400S2 + 

+.809087 + 
+.507128 + 
+•10677 

-.32969 

-.701020 + 
-.938071 + 

-.983754 + 

-.806 101 + 

-.4oi423 + 
-.722542 + 
+.262008 - 



1 + 

)4 + 



M 







+.000000 

+.20331 1 

-.191191 
-.37^203 

-.442081 
-.341190 + 

-.668653 + 

+.214289 + D 

+.555^72 + 6 
+•913587 + 6 
+.124244 + 7 

+.150588 + 7 
+.1 67408 + 7 
+,172700 + 7 
+.164007 + 7 
+.141623 + - 
+.106375 + 

+•587777 + 
-•115930 + 

-.853998 + 
-.165382 
-.241279 
-.304908 

-.3^3689 
-.350031 

-•322347 . 

-.265244 + 7 
-.188875 +7 
-.107532 + 7 
-.377119 + 6 

-.689372 + 5 
-.471728 - 1 



7 

6 
6 

7 
7 
7 
7 
+ 7 
+ 7 



+ 
.+ 
+ 
+ 



H 

+.100000 
+.100000 

-.152211 
-.621937 

-.649776 

-.509201 



1 
1 
1 







5 -.3113^^ + 



-.182118 

-•^38505 
+.671968 

+•17,^313 

+.264633 

+.330643 

+.369190 
+•381375 
+•367399 

+.329163 
+.272108 
+.186803 
+.103320 
+.2604.11 - 
-.403822 - 

-.931070 - 
-.125295 + 

-•132733 + 

-.114496 + 

-.730931 - 

-.i4o8§9 - 
+•5^7780 - 
+.124780 + 
+.187620 + 
+.355198 + 



THETA • 

-.101491 
-.101491 
-.101162 
- . 1 32877 
+.103431 
+.182052 
+.201705 
+.200314 
+.191438 

+.17^157 
+.152835 
+.120082 
+.820774 

+.4137^3 
+.769152 

-.290390 

-.589104 

-IS 18478 
-.777243 

-.6§797i 

-.569331 
-.394425 

-.185095 

+.401677 

+•259770 
+.452981 
+.603762 
+.703961 
+.755^20 

+•770771 
+.767086 









2 
2 

3 
2 

2 

2 

2 

2 

2 

2 

2 
2 

3 
2 

2 

2 

2 

2 

2 

2 



^ 



v^ 
v^ 



INITIAL F 


\oh.Q 


DELTA F •■ 


0.2 


FINAL F 


105.0 



F, CP.S. 



I-n! 



ULL 



+ • 

+ . 
+ . 

+ . 



oi+oooooooo + 3 

0^120000000 4- 3 

oHUooooooo + 3 

0460000000 -h 3 

0^80000000 + 3 

0^6575122^1 + 3 

0^65795701 4- 3 

0465796067 + 3 

01^65795993 + 3 

0^65795961 4- 3 

0^65795908 + 3 



+.147881307^6 4-16 
4-. 10408402270 4-16 
+.59281178729 +15 
-1-. 13^67406628 +15 
-.33365775562 +15 
+.10447567948 +13 
+.85899%5920 +10 
-.21 474(336480 +10 
-.10737418240 +10 
+.53687091200 +10 
-.00000000000 + 



FREE-FREE 



»tJ 






INITIAL F 
DELTA F 
FINAL F 



61 

0.2 

63 



F, C.P.S. NULL 



+•61000000000 -f 2 
+•61200000000 + 2 
+•61^00000000 + 2 
+.61600000000 + 2 
+ .601-4316^666 + 2 
+.61443706522 + 2 
+.61443713144 + 2 
+.61443713361 + 2 



-•65305799819+14 

-.36462795948 +i4 
-.66473510830 +13 
+.24152614371 +14 
-•83735085057 +11 

-.10234101760 +]0 
-•33554432000 + 8 
-.00000000000 + 



FREE-FREE 



*r) 



KM 
O 



F, C.P.S. 
+.311921 + 2 



ST A. X 




1 
2 



9 
10 

11 

12 
13 
14 
15 
lb 

18 

19 

20 

21 

22 

2 

2 

25 

26 

27 

28 

29 
30 

31 



+.0000 + 
+.0000 + 
+.1000 + 2 
+.1900 + 2 
+.2800 + 2 
+.3700 + 2 
+.4600 + 2 
+.5200 + 2 
+.5800 + 2 
+ .6i|-00 + 2 
+.7000 + 2 
+.7600 + 2 
+.8200 + 2 
+.8800 + 2 
+.9i^00 + 2 



+ . 
+ . 
+ . 
+ . 
+ . 
+ . 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 
+. 



000 + 

060 + 

120 + 
200 + 
280 + 
'^6.0 + 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 



430 
500 

6il-0 
710 
780 



850 

920 

990 
+.2060 + 
+.2260 + 



NULL 
-.000000 + 



+.000000 + 
+.I65H22 + k 

+.365220 + h 
+.439^178 + k 

+.519779 + J^ 

+.592982 + k 
+.^5579^ + k 
+.701786 + k 
+.721^^78 + h 
+.716221 + k 
+.688807 + h 

+.642225 + k 

+,578801 + k 
+.498616 + k 

+.408138 + k 

+.313968 + k 
+.21 6849 + h 
+.149983 + k 
+.115243 + 4 
+. 806266 + 3 
-.132446 + 4 
-.490842 + 4 
-.780240 + 4 

-.991591 +A 
-.111714 + 5 

-.115070 + 5. 

-.108776 + 5 

-.925622 + 4 

-.663299 + ^ 
-.301413 + 4 

-.478998 + 3 

-.300705 - 4 



CHECK 
-.544833 +10 



FREE-FREE 



M 



+ J 
+ 6 

+ 6 
+ 6 
6 
6 
6 
6 
6 
+ 6 
+ 6 
+ 6 



+.000000 + 
+.747220 + 
-.167201 + 
-.495272 + 
-.895201 
-.137227 
-.191986 
-.232570 . 
-.275828 + 
-.320213 + 
-.364148 + 
-.406303 + 
-.445520 + 
-.480885 
-.511106 
-.535S08 . _ 
-.554677 + 6 
-.566852 + 6 
-.578640 + 6 
-.587624 + 6 
-.598354 + 6 
-.584243 + 
-.544465 + 
-.483901 + 
-.4oSo84 + 
-.323100 + 

-.235^79 + 
-.152062 + 

-.798725 + 

-.460787 + 
+.222854 - 



H 

+.100000 + 1 
+.100000 + 1 

+.7224i4 + 
+.502505 + 
+.358204 + 
+,244303 + 
+.148027 + 
+.921047 - 1 

+.39^372 - 1 

-.930326 - 2 

-.536276 - 1 

-.932875 - 1 
-.127016 + 
-.154216 + 

-.17^79^ + 
-.188590 + 

-.19W97 + 

-.192236 + 

-.180886 + 

-.164699 + 

-.144883 + 

-.124409 + 

-.100458 + 

-.733657 - 
-.43S829 - 

+!2i84^6 - 
+.562834 - 
+,910597 - 
+.125620 + 
+.159495 + 
+.255254 + 



--'I 



THETA • 

-.277323 

-.277323 
-.277243 

-.170566 

-.130283 

-.108061 

-.934790 

-.883992 

-.823122 

>3389 
-.591034 

-.377805 
-.278637 
-.153033 
-.221781 
+.112506 
+.180329 
+.230586 
+.268784 
+.307302 
+.344092 

+.37764^ 
+.406786 
+.430724 
+.449073 
+.461880 
+.469644 

+.^7331 9 
+.474321 

+.474119 



2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

3 

2 

2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



^ 



fO 



INITIAL F 
DELTA F 
FINAL F 



30.8 

0.2 

32.0 



F, C.P.S, 

+.30800000000 
+,31000000000 
+.31200000000 



+ .31 
+ .31 
-^.31 
-.31 
+ .31 
+ .31 

+*3^ 
+•31 



9196937^ 
92132700 

92132SH3 
92132855 

92132846 

9213284^^ 

921328^^^ 

921328^13 



NULL 

+ 2 +M 13016^22^ +13 

+ 2 +.20593853071 +13 

+ 2 -•86149955585 +11 

+ 2 +.17884774400 +10 

+ 2 +.157286^10000 + 7 

+ 2 +.13107200000 + 6 

+ 2 -..39321600000 + 6 

+ 2 -.13107200000 + 6 

+ 2 -.13107200000 + 6 

+ 2 -.13107200000 + 6 

+ 2 -.00000000000 + 



FREE-FREE 






CD 



E 
G 

BAY 



19 



30+6 



8 
8 
8 



hi 



D 
18 

20 
22 



T 



MASS 



0.1 


0.05 


0.1 


0.05 


0.1 


O.Ob 



10 

—J 



EFF. D 

22 

28 
30 



E 
G 

BAY 

20 
21 
22 
23 
24 
25 
2b 
27 
20 
29 



16+6 



7 
7 
7 
7 
7 
7 
7 
7 
7 
7 



D . 

2k 
Zk 
Zk 
Zk 
2lt 
Zk 
Zk 
Zk 
Zk 
Zk. 



T 

0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 
0.05 



MASS 

0.75 

0.75 

0.75 
0.75 

0.75 

0.75 

0.75 

0.75 
0.75 
0.75 



MASS 1 

in 

k\ 

in 
in 
in 
in 
in 
in 
in 
in 



BAY 
30 

99 



u 

20 



El 

1.8+9 



KGA 
1.3+7 



MASS 
0.12 



MASS 
10 



BAY L E! KGA MASS MASS 

1 10 1+9 1+8 0,1 k 



E 12+6 

G 5-f6 

BAY L D . ' T . MASS EFF. D 

2- 9 k G.] 

3 9 T 0.^ 

4 9 10 0.1 

5 9 13 0.1 



BAY L -El KGA MASS EFF. D 

6 6 2.5+9 3+7 0-^3 ^6 

7 6 2.5+9 3+7 0.13 16 
6 6 2.5+9 3+7 0.13 16 

9 6 3+9 3.5+7 0.14 . 16 

10 6 2.5+9 3+7 - 0.13 16 

11 6 2.5+9 . 3+7 0.13 16 



0.03 


5 


0.05 


9 


0.07 


1 


0.09 


ii 



2.5+9 


3+7 


0.13 


2.5+9 


3+7 


0.13 


2.5+9 


3+7 


0.13 


3+9 


3.5+7 


0.14 


2.5+9 


3+7 


0.13 


2.5+9 


3+7 


0.13 


2.5+9 


3+7 


0.13 


3+9 


3.5+7 


0.14 


2.5+9 


3+7 


0.13 


2.5+9 


3+7 


0.13 


2.5+9 


3+7 


0.13 



12 6 2.5+9 3+7 0.13 16 

13 6 3+9 3.5+7 0.]^ 16 

14 6 2.5+9 3+7 0.13 16 

15 6 2.5+9 3+7 0.13 16 

16 6 2.5+9 3+7 0.13 16 



*Ti 



<D 



rv) 

OS 



12 1 



BL 



I 



S 



Fig. U 



P 



VJ1 
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6 


T 


8 


9 


10 


11 


Ji 


13 


K 


is 


i& 


n 


16 


ts 


20 
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Page 24 



EXAI4PLE 2 Given a non-iiniform beam as shown in the .30 bay representation 
shown in Fig. 4, page 24, Compute the first 3 FREi-FREE 
modes. This example represents and entirely fictitious^ 
multi-stage missile, and is introduced to illustrate all 
• 4 possible dtita input formats with a maximum sized case. 

The data input and computer printout is shown on pages 24 
to 32. 



INITIAL F 
DELTA F 
FINAL F 



r^ v^eToOo 



4-0 

+ o 

+ 
+ 

+• 
+•. 
+.. 



9810000000 + 
9830000000 + 
9850000000 + 
9837076316 + 
983709^4^7 + 
983709^ii-95 + 
9837091^1^96 + 
983709^^95 + 
983709^^95 + 
983709^1-1^95 + 



19.81 
O0O2 

l9o99 



NULL 



2 


+0 


2 


+,.. 


2 


-.o.< 


2 


+.0. 


2 


+• 


2 


+ o' 


2 


""0. 


2 


+•; 


2 


""■•• 


2 


■" 0. 



3 

-0I 

7 



+ 



1868811-13239 
11-9129325867 
89726325989 
1 2605285611-5 
"56933593S - 

2939§5313 - ;> 
258789063 ~ 4 
29391^5313 - 5 

762939^5313 - 5 
762939^5313-5 



FREE-FREE 



*xi 



ro 

V>4 



+•198371 + 2 



NULL 



-•762939 



CHECK 
-.129856 4- 5 



FREE-FREE 



ST A, 


1 
2 



10 
11 



-f^OOQO + 
+0OOOO + 

-}-,50oo + 1 

-ho) 000 + 2 
+0I5OO + 2 
-f«2000 -h 2 
-;- 0.2500 -1-2 
-he 3000 4- 2 
+.3500 + 2 
+o4000 + 2 
+0^500 4- 2 
+.5000 4- 2 



S 

4- .000000 

4-,8o3i03 
4-. 193926 
-^o2i7537 

4-ol61^949 

4-0610280 



103 



4- 
4- 
4- 

4- 







1 
I 

1 
1 





-.610286 4- 

-.161^9^9 
-.21753 

-.JI9392 

-.80 

-.o17bc)07 



G 
o 
u 



M 

4-0 000000 4- 

4-.l8l2ll-1 4- 1 

-.376002 4- 1 

-.1 48752 4- 2 

-.2681^53 4- 2 

-03^689^ + 2 

-.3871^08 4- 2 

-.350927 4- 2 

-.257521 4- 2 

-.13^563 + 2 

-.220311 4- 1 

4- .107902 - 7 



H 

4-0 100000 4- 1 

4- .100000 4- 1 

4-.5lt7826 4-0 

+0II38H3 4- 

-•253563 4- 

-.501078 4- 

-.588526 4- 

-.501078 4- 

-.2535^3 + 
4-.113811-W 

4-.5l^7825 + 

4-. 100000 4- 1 



THETA 

-.902124 
-.902124 
-.900313 
-.820503 
-.63216b 
-.355038 
-.909495 
4-.345O38 
4-.632I66 
4-...820503 
+.0.900313 
4-.. 9021 24 



-1 



INITIAL F 
DELTA F 
FINAL F 



13*6 

0.1 
20.0 



r ^ C.r.b. 

+.13600000000 + 2 
+.,.13700000000 + 2 
+.13588161109 +2 

+.13688323§|t7 + 2 
+,.136883238^5 + 2 
+♦136883238^ + 2 



NULL 

-,88068269253 + 2 
+..11826^^24122 + 2 

-.16^^5250320^ + 

-.95357^31641 - 5 
-.00000000000 + 



F, C.P.S. 
+.136883 + 2 



NULL 
-.000000 + 



CHECK 

+.146839 + 3 



PIN-FREE 



ST A. X 




1 
2 



9 

10 

11 



+.0000 
+..0000 

+.5000 

+.1000 

+.1500 

+.2000 

+.2500 
+...3000 
+.3500 

+.4000 
+..4500 
+.5000 



+ O +.000000 + 

+ +*398797 + 

+ 1 +*i 00589 + 1 

+ 2 +.124125 + 1 

+ 2 +* 11 3798 + 1 

+ 2 +*75o907 + 

+ 2 +»193917 + 

+ 2 -.449017 + 

+ 2 -.105719+1 

+ 2 -.152830 + 1 

+ 2 -.178477 + 1 

+ 2 -.185070 + 1 



M 

+.000000 + 

+•917675 + 
-♦170913 + 1 

-^733915 + 1 

-♦l40662. + 2 
-.201479 + 2 
-.241659 + 2 
-.251707 + 2 
-.227773 + 2 
-^171094 + 2 
Vo 9 14374 + 1 
+|J212^9 - 9 



H 

+.100000 + 1 
+.100000 + 1 

+,614771 + 
+•.238333 + 
-* 104570 + 

-•383870 + 
-.572135 + 
-,651056 + 
-.615866 + 
-,477072 + 
-.259705 + 

-.181899 -11 



THETA 

-.769272 
-.769272 
-,768537 

-0729375 
-.,532550 

-,475769 

-0^271379 

-, 4^83 1 2 

+,,180130 

+,366805 

+,490751 

+-534 159 



- 2 



hi 



to 
ro 



INITIAL F 


S.7 


DELTA F . . 


0..1 


FINAL F 


lO.oO 



4-.87000000000 4- 1 

+.0.80000000000 + 1 

+.87858064286 + 1 

+087858^65517 + 1 

+.87858^65702 + 1 



NULL 



-043935381532 + 2 
+072675204277 + 1 
-020602464676 - 1 

-.94771385193 - 5 
-.00000000000 + 



PI N-P I N 



I 



+0878585 + 1 



NULL 

-« 000000 + 



CHECK. 
+0887585 + 2 



P I N-P I N 



STAo X 

+0OOOO + 

1 +.0000 + 

2 +05000 + 1 

3 +0IOOO + 2 

4 +.1500 + 2 

5 . +.2000 + 2 

6 +.2500 + 2 

7 +.3000 + 2 

8 +03500 + 2 

9 +.4000 + 2 

10 +.o4500 + 2 

11 +05000 + 2 



+0 100000 + 1 

+.975722 + 

+08802 ri + 
+.698540 + 
+.0448490 + 

+•151+539 + 
-01^4539 + 
-.448490 + 
-.698540 + 
-.880211 + 
-.975722 + 

-o 100000 + 1 



M 

+.000000 + 
-0809755 - 1 
-0511361 + 1 
-0964569 + 1 
-.1 32336 + 2 
-o 155261 + 2 
-o 152988 + 2 
-.154760 + 2 
-.131384 + 2 
-.951466 + 1 
-.495958 + 1 
+.654836 -10 



H 

+0 000000 + .0 
--oOQOOQO + 

-.234770 + 
-.446559 + 
-06 14636 + 
-.722548 + 

-0759732 -F 

-0722548 + 
-.0614536 + 
-.446559 + 

-023^770 + 
-.818545 -]0 



THETA 

-.477421 
-.477421 
-.454054 
-0386242 
-.280621 
-0147^31 

-oi53% 
+0 147^31 

+0 2806 21 

+.386242 

+0.454054 

+•477421 



-1 



INITIAL F 


3ol 


DELTA F 


0.1 


FINAL F 


5oO 



r r P s 
-fo31C0000Q000 + 

+.32000000000 + 

+.3185^386636 -f 

+.31056077202 + 
+.3i856C'8o555 + 
+♦31856080561 + 
+-31856080562 + 
+.31856080563 + 



HULL 

-i-oS 13696661 36 - 1 
-•875^^71791 - 2 
+.10284227028 - 3 
+.20033621695 - 
+•33^69405025 - 9 
+010186340660- 9 
+.1^551915228 -10 
-•1^551915228 -10 



FIX-FREE 



+.318561 + 1 



NULL 

-.1^5519 -10 



CHECK 
+•150897 + 1 



FIX-FREE 



ST A. 


1 
2 



9 

10 

11 



X 

+.0000 + 
+.0000 + 

+.5000 + 1 

+.1000 + 2 

+.1500 + 

+.2000 + 



-r« 



2500 + 
,3000 + 



+•3500 -r 
+.4000 + 
+.4500 + 
+.5000 + 



+.000000 + 

+.2^1-9081 - 1 

+•710531 - 1 

+.109808 + 

+.141526 + 

+.166224 + 

+.1844 11 + 

+4.196727 + d 



+.204039 

.207461 
+..2O036O 









+.208360 + 



M 

+.000000 + 

+.607382 - 

-.760356 - 
-•^^3f33 + 

-.100470 + 

-.172360 + 
-.256511 + 
-.343030 + 
-.448742 + 

-.^51303 + 
-.655325 + 
-.759506 + 



H 

+0 1 00000 + 1 
+.100000 + 1 

+.862790 +. 
+.726082 + 

+.591551 

+•461771 

+.340051 

+.23026] 

+.13671 

+•639 

.168029 



16 




+ 
+ 
+ 
+ 

- 1 
1 



+.195541 -10 



THETA 

-•274330 - 
-.274330 - 

-.27^315 - 

-.271 9b4.- 

-.2b5305 - 
-.252710 - 
-«232§77 - 

-.204820 - 

-.167844 - 
-.121510 - 

-.655877 - 2 
+.255795 -12 



hi 



10 
O 



INITIAL F 

DELTA F 
FINAL F 



r c '^ ^■ 

+.13600000000 + 2 
-Fo 13700000000 -f 2 
4-013087758706 + 2 
+...13687709071 4- 2 
+.13687769873 +2 
+.13607709372 + 2 



13oO 

0.1 
20.0 



NJULL 



-083280417137 - 1 
+«ll6l662b2og ~ 1 

-o 139093396 19 - Q 



+ . 
+ 



0'~)C0 i £_0 / *) 
/UUvJvJU'JOv, 



- Q 



r lA-r 






u- r o q 
+.136070 + 2 



NULL 



.'~:j — r I,.' 
+0II296O 



? 



I 1 / •. — 1 



n 



9 

10 

1 1 



+«j;ooo + 1 

-r. 1 juu -J- ^ 

+«2000 + 2 
+.2500 + 2 

+ o^^O\J- + d. 
I I /'">'"• "^ I '^ 

+.3000 + 2 



+0 1 ocooo 

+.003111 
+051222; 

+.120611 
-.29^19 

-.fc99oc3 
-.103791 

"•'^ l-^J.^ 

— . 1 -rC2 [O 

— . i "r-j-O 1 O 
-.Ur-.-OlC 



+ 

+ 



+ 







1 
1 



+ 1 



-.133973 ■ 

-oJ)iOl f-v 

-o939i?2 

-.12064U 

-.1272^-52 



-.IIID03 

-•753^^^; 
-•210305 

+.430979 

+.115191 
4-.107199 



r . v.' v-/ >^' v./ o* V,' 

-:3d8i97 

-.420212 + 

-«3''25:>7 ''" ^ 
-.240537 + 

-.126970 



+ 



— o~i^c-U I 



- 1 



-.325430, - 1 
-.325^1-3. - 1 

-013^3^8 - 1 
-.215125 - 2 

•T.O^'O- r>-*0 ■— C. 
+ . I77O09 - 1 
+ .^2^9<^j:^. - j 

-J- o 2^ 3394'-, 1 

+ .1401.-;J - 1 
-.227374,-12 



INITIAL F 
DELTA F 
FINAL F 



\9.6 

0.1 

25.0 



+•19600000000 + 2 
+^.19700000000 + 2 
+...1 9800000000 + 2 
+^19900000000 + 2 
+:..! 983522 1683 + 2 
+■•.19835215387 + 2 
+-19835215386 +2 
+*1 983521 5386 + 2 

+;.:i 983521 5386 + 2 



NULL 

+.32686996565 - 3 

+.18786074907 - 3 

+48§i395292if - 4 

-,89960592959 - 4 

-•••87457010523 - 8 

-*.l 8 189894036 -11 

+-18189894036 -11 

-.18189894036 -11 

-;..00000000000 + 



FIX-FIX 



F, •C.P.S. 



+.198352 + 2 



NULL 
-.000000 + 



CHECK 
-.472896 - 1 



FIX-FIX 



STA. X 

+.0000 + 

1 +...0000 + 

2 +*5000 + 1 

3 +...1000 + 2 

4 +..I5OO + 2 

5 +*:2000 + 2 
b +...25OO + 2 
7 +^.3000 + 2 
o +*.350O + 2 

9 +...4000 + 2 

10 +4i4500 + 2 

1 1 +..5OOO + 2 



+.100000 + 1 

+i;.l 00000 + 1 

+*.954702 + 

+...805923 + 

+-5^2135 + 

+^,1 91 420 + 

-,.;19l420 + 

-^.542135 + 

-...005923 + 

-♦954702 + 

-...100000 + 1 

-♦100000 + 1 



M 

+.1 10842 + 2 
+♦110842 + 2 

+•..59^659 + 1 

+*.9784i3 + 
-♦322926 + 1 
-.♦604450 + 1 
^♦700160 + 1 

-.593993 + 1 
-♦305120 + 1 

+♦117308 + 1 

+♦608420 + 1 

+♦1 10842 + 2 



H 

+.000000 + 
+♦000000 + 

-..218455 - 1 

-^.717510 - 1 

-♦127216 + 
-^.169137 + 
-♦184630 + 
-^.1691 37 + 
-.♦127216 + 
-♦717510 - 1 

-.I732143 -10 



THETA 

+.000000 + O 
+♦000000 + 

-.795880 
-♦112593 
-♦102984 
-^£04781 

-i682l21 

+♦604781 
+♦102984 
+♦112593 
•*-*J?558o 
-♦665068 



- 2 

- 1 

- 1 

- 2 
-12 

- 2 

- 1 
'- 1 

- 2 
-11 



hi 



o 



